PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-246370 
(43)Date of publication of application : 30.08.2002 



(51)Int.Cl. 



H01L 21/3065 
B01J 19/08 
C23C 16/509 
H01L 21/205 
H01L 21/31 
H05H 1/46 



(21 Application number : 2001-038396 (71 Applicant 
(22)Date of filing : 1 5.02.2001 (72)Inventor : 



TOKYO ELECTRON LTD 

NEZU TAKAAKI 
HORIGUCHI KATSUMI 
HAYASHI DAISUKE 
TSUKAHARA TOSHIYA 



(54) FOCUS RING AND PLASMA PROCESSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem when 
converging a plasma into the surface of a wafer W by 
using a focus ring 5 made of a dielectric such as quartz, 
e.g. in the case of performing its etching processing, the 
plasma is concentrated to the boundary region between 
the wafer W and the focus ring 5, as shown by arrow A 
in Fig. 6 (a) so that the plasma density of this region 
becomes higher than the plasma density of the inside of 
the wafer W, as to show the distribution of the plasma 
density typically by a curve B of the Fig. 6 (b) and 
consequently, the possibility exits where an abnormal 
discharge is generated in the outer peripheral edge 
portion of the wafer W which has an increased plasma 
density, and uniformity or selectivity ratio of the etching 
of the wafer W is reduced. 

SOLUTION: A focus ring 12 has a focus ring body 12A, 
formed out of a dielectric in the form of a ring and has a 
conductive member 12B provided with bias on the 
radially inner side of the focus ring body 1 2A so as to be 
brought into contact with plasma. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1]ln a focus ring which converges plasma on the above-mentioned processed 
object when it is arranged at a position surrounding a processed object on a 
mounting body and plasma treatment is performed to the above-mentioned 
processed object, A focus ring, wherein the above-mentioned focus ring has a 
conductive member arranged so that it may be made to deflect to a direction of the 
diameter direction inside of a main part of a focus ring formed in ring shape, and this 
main part of a focus ring and plasma may be touched with a dielectric. 
[Claim 2]The focus ring according to claim 1, wherein the above-mentioned 
conductive member vacates a prescribed interval for a hoop direction of the above- 
mentioned main part of a focus ring and is arranged. 

[Claim 3]The focus ring according to claim 1, wherein the above-mentioned 
conductive member is formed in ring shape. 

[Claim 4]ln a focus ring which converges plasma on the above-mentioned processed 
object when it is arranged at a position surrounding a processed object on a 
mounting body and plasma treatment is performed to the above-mentioned 
processed object, A focus ring in which, as for the above-mentioned focus ring, the 
diameter direction inside is characterized by being formed with a dielectric in which 
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insulation becomes small from the diameter direction outside. 

[Claim 5]ln a focus ring which converges plasma on the above-mentioned processed 
object when it is arranged at a position surrounding a processed object on a 
mounting body and plasma treatment is performed to the above-mentioned 
processed object, A focus ring, wherein the above-mentioned focus ring has the 
conductive member which deflected to a direction of the diameter direction inside in 
a main part of a focus ring formed in ring shape, and this main part of a focus ring, 
and was provided along with the perimeter with a dielectric. 
[Claim 6]The focus ring according to claim 4 or 5, wherein the diameter direction 
inside of the above-mentioned dielectric is formed more thinly than the diameter 
direction outside. 

[Claim 7]The focus ring according to claim 5 or 6, wherein the diameter direction 
inside of the above-mentioned conductive member is formed more thickly than the 
diameter direction outside. 

[Claim 8]Claim 1, wherein the above-mentioned conductive members are silicon and 
alumina - Claim 3, Claim 5, and a focus ring given in any 1 paragraph of Claim 7. 
[Claim 9]ln a plasma treatment apparatus provided with a focus ring which 
converges plasma which it is provided so that the above-mentioned processed 
object may be surrounded to a mounting body which is mutually arranged in a 
treatment container and lays a processed object, and this mounting body, and is 
generated within the above-mentioned treatment container, and to generate on the 
above-mentioned processed object, A plasma treatment apparatus having a focus 
ring of a description in any 1 paragraph of Claim 1 - Claim 8 as the above-mentioned 
focus ring. 
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[0001] 

[Industrial Application]This invention relates to the focus ring and plasma treatment 
apparatus which can prevent the abnormal discharge under plasma treatment to a 
processed object in more detail about a focus ring and a plasma treatment apparatus. 
[0002] 

[Description of the Prior ArtJThe mounting base 1 which serves as the lower 
electrode mutually arranged in a chamber (not shown) so that rise and fall are 
possible in parallel as the conventional plasma treatment apparatus is shown, for 
example in drawing 5 , The high-frequency power which differs in frequency to the 
upper electrodes 2 which countered with this lower electrode 1 and have been 
arranged in parallel mutually, and these two electrodes 1 and 2 The consistency 
machine 3A, It is constituted so that it has 1st and 2nd RF generator 3 and 4 
impressed via 4A, and it may be impressed by the two electrodes 1 and 2 of the 
upper and lower sides of each high-frequency power from 1st and 2nd RF generator 
3 and 4, and plasma may be generated, for example, membrane formation of the 
insulator layer of the wafer W surface which is a processed object, etc. may be 
etched. The focus ring 5 surrounding the wafer W laid in the outer periphery part of 
the mounting base 1 upper surface by the upper surface is arranged, The shield ring 
6 is formed in the outer periphery part of the upper electrode 2, the plasma 
generated between the up-and-down two electrodes 1 and 2 is converged to the 
wafer W, and the plasma density in a wafer W side is equalized. 
[0003]By the way, the step 5A from which the above-mentioned focus ring 5 receives 
the wafer W in an upper surface internal circumference edge as shown in drawing 6 
(a) and (b) was formed, and the outer periphery part of the wafer W on the lower 
electrode 1A has entered into this step 5A. This focus ring 5 is formed with 
dielectrics, such as quartz, and as the arrow A shows to (a) of the figure, plasma 
converges into a wafer W side via the focus ring 5. 
[0004] 

[Problem(s) to be Solved by the lnvention]However, in performing an etching 
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process, for example. If plasma is converged into a wafer W side using the focus ring 
5 which consists of dielectrics, such as quartz, As the arrow A shows to (a) of 
drawing 6 , plasma concentrates on the border area of the wafer W and the focus ring 
5, and the homogeneity within a wafer W side collapses, Since the plasma density of 
this field became higher than inside plasma density about the plasma density 
distribution of (b) of the figure as the curve B shows typically, in the outer periphery 
part of the wafer W in which plasma density becomes high, there was a possibility 
that abnormal discharge might occur or the homogeneity of etching or a selection 
ratio might fall. 

[0005]This invention was made in order to solve an aforementioned problem, and an 
object of this invention is to provide the focus ring which can prevent the abnormal 
discharge in the outer periphery part of processed objects, such as a wafer, and the 
plasma treatment apparatus using this focus ring. 
[0006] 

[Means for Solving the ProblemjThe focus ring of this invention according to claim 1 
is arranged at a position surrounding a processed object on a mounting body, and 
when this invention performs plasma treatment to the above-mentioned processed 
object, it is characterized by that a focus ring which converges plasma on the above- 
mentioned processed object comprises the following. 

A main part of a focus ring by which the above-mentioned focus ring was formed in 
ring shape with a dielectric. 

A conductive member arranged so that it may be made to deflect to a direction of the 
diameter direction inside of this main part of a focus ring and plasma may be 
touched. 

[0007]ln the invention according to claim 1, the above-mentioned conductive 
member vacates a prescribed interval for a hoop direction of the above-mentioned 
main part of a focus ring, and the focus ring of this invention according to claim 2 is 
arranged. 
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[0008]As for the focus ring of this invention according to claim 3, the above- 
mentioned conductive member is formed in ring shape in the invention according to 
claim 1. 

[0009]The focus ring of this invention according to claim 4, In a focus ring which 
converges plasma on the above-mentioned processed object when it is arranged at 
a position surrounding a processed object on a mounting body and plasma treatment 
is performed to the above-mentioned processed object, As for the above-mentioned 
focus ring, a direction of the diameter direction inside is formed with a dielectric in 
which insulation becomes small from the diameter direction outside. 
[0010]The focus ring of this invention according to claim 5 is arranged at a position 
surrounding a processed object on a mounting body, and when this invention 
performs plasma treatment to the above-mentioned processed object, it is 
characterized by that a focus ring which converges plasma on the above-mentioned 
processed object comprises the following again. 

A main part of a focus ring by which the above-mentioned focus ring was formed in 
ring shape with a dielectric. 

A conductive member which deflected to a direction of the diameter direction inside 
in this main part of a focus ring, and was provided along with the perimeter. 

[0011]ln the invention according to claim 4 or 5, the diameter direction inside of the 
above-mentioned dielectric is thinner than the diameter direction outside, and the 
focus ring of this invention according to claim 6 is formed. 

[0012]ln the invention according to claim 5 or 6, the diameter direction inside of the 
above-mentioned conductive member is thicker than the diameter direction outside, 
and the focus ring of this invention according to claim 7 is formed. 
[0013]The focus ring of this invention according to claim 8 is characterized by the 
above-mentioned conductive members being silicon and alumina in an invention 
given in any 1 paragraph of Claim 1 - Claim 3, Claim 5, and Claim 7. 
[0014]The plasma treatment apparatus of this invention according to claim 9, In a 
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plasma treatment apparatus provided with a focus ring which converges plasma 
which it is provided so that the above-mentioned processed object may be 
surrounded to a mounting body which is mutually arranged in a treatment container 
and lays a processed object, and this mounting body, and is generated within the 
above-mentioned treatment container, and to generate on the above-mentioned 
processed object, It has a focus ring of a description in any 1 paragraph of Claim 1 - 
Claim 8 as the above-mentioned focus ring. 
[0015] 

[Embodiment of the InventionjHereafter, this invention is explained based on the 
embodiment shown in drawing 1 - drawing 4 . The plasma treatment apparatus of this 
embodiment is constituted according to the plasma treatment apparatus shown in 
drawing 5 except the focus ring. Therefore, below, it explains centering on the focus 
ring of this embodiment. 

[0016]The plasma treatment apparatus 10 of this embodiment is provided with the 
following. 

The mounting base 1 1 which is allocated in a treatment container (not shown) and 
serves as a lower electrode as shown in drawing 1 . 

The upper electrode which serves as the feed zone of the gas for processing 
arranged above this mounting base 1 1 (not shown). 

RF generator 14 is connected to the lower electrode 11A via the consistency 
machine 13, and the high-frequency power (not shown) which differs in RF generator 
14 and frequency of the lower electrode 11A is connected also to the upper 
electrode via the consistency machine (not shown). The electrostatic chuck 15 is 
arranged at the upper surface of the lower electrode 11 A, and this electrostatic 
chuck 15 carries out electrostatic adsorption of the wafer W with direct current 
voltage from the high voltage direct current power supply 16. And where the gas for 
processing in a treatment container is held at a predetermined degree of vacuum, 
each high-frequency power is impressed to up-and-down two electrodes, plasma is 
generated between two electrodes, and plasma treatment, such as etching, is 
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performed to the wafer W. 

[0017]lt ** and the focus ring 12 of this embodiment is provided with the following. 
For example, the main part 12A of a focus ring formed in ring shape with dielectrics, 
such as quartz, as shown in drawing 1 . 

The conductive members 12B arranged so that it may be made to deflect to the 
direction of the diameter direction inside of this main part 12A of a focus ring and 
plasma may be touched, such as silicon and alumina. 

The step 12C is formed in the inner periphery edge of the main part 12A of a focus 
ring, and the breakthrough 12D which vacated and arranged the prescribed interval 
is formed in the hoop direction near [ the ] the inner periphery edge. The conductive 
member 12B is formed in the lower end in the shape of [ which has the flange 12E ] 
a pillar. The cavity 1 1B into which the flange 12E of the conductive member 12B fits 
vacates a hoop direction prescribed interval for the outer periphery part of the 
mounting base 11, and is formed in it. The depth of the cavity 11B is formed 
according to the thickness of the flange 12E, as shown in the figure. As the cavity 
11B, the spot facing hole for screw fixation of the mounting base 11, etc. may be 
used. The role is played also as an antenna with which the columnar part of the 
conductive member 12B is inserted in each breakthrough 12D of the main part 12A 
of a focus ring, and each conductive member 12B attracts plasma. Therefore, since 
it was exposed of the conductive member 12B of the focus ring 12 on the surface 
and it is in contact with plasma at the time of plasma treatment, plasma can be 
drawn on the conductive member 12B, and can concentrate, and the plasma focus 
to the wafer W can be restricted certainly. If it puts in another way, it will function as 
converging the focus ring 12 on the wafer W as a whole, but in order to draw the 
plasma which converged on the wafer W edge part too much in the conductive 
member 12B itself, it becomes extremely high as the plasma density of this portion 
shows with the curve B of the figure. As a result, since it can cross to an outer 
periphery part from a wafer W center section and plasma density can be made 
uniform, the abnormal discharge in a wafer W outer periphery part can be prevented 

7 



certainly. 

[0018]Next, the case where plasma treatment is performed using the plasma 
treatment apparatus 10 using the above-mentioned focus ring 12 is explained. 
Where it supplied the gas for processing from the gas supplying section which is not 
illustrated and a predetermined degree of vacuum is held, For example, if 2-MHz 
high-frequency power is impressed to the lower electrode 1 1 A from the RF generator 
14 and 60-MHz high-frequency power is impressed to an upper electrode from the 
RF generator, Generating plasma between the lower electrode 11A and an upper 
electrode, plasma converges into a wafer W side via the focus ring 12, and equalizes 
the plasma within a wafer W side. Under the present circumstances, since it has the 
conductive member 12B arranged so that the focus ring 12 may be deflected to the 
direction of the diameter direction inside of the main part 12A of a focus ring and 
plasma may be touched, It projects, as the plasma of the focus ring 12 upper part is 
drawn by the conductive member 12B and the plasma density of this portion shows 
with the curve B of drawing 1 , and it becomes high, convergence of the plasma to 
the wafer W is restricted, and plasma is prevented from concentrating on the outer 
periphery part of the wafer W. As a result, since the plasma density above a wafer W 
outer periphery part is hardly different from the plasma density of that inside as the 
curve B of drawing 1 shows, Even if silicon is exposed in the wafer W peripheral end 
face, the intensive ion influx from this exposed portion can be prevented, and the 
abnormal discharge in a wafer W outer periphery part can be prevented certainly by 
extension. 

[0019](a) of drawing 2 and (b) are the figures showing the modification of the focus 
ring 12 shown in drawing 1, respectively. The focus ring 12 shown in (a) of the figure 
is constituted like what is shown in drawing 1 , except that the pillar-shaped 
conductive member 12B without a flange is used. That is, two or more breakthroughs 
12D which vacated and arranged the prescribed interval to the hoop direction are 
formed in the main part 12A of a focus ring. And the pillar-shaped conductive 
member 12B is inserted in in each breakthrough 12D. According to this embodiment, 
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since the conductive member 12B does not have a flange, the outer periphery part of 
the mounting base (not shown) is formed as a flat face without a cavity. Therefore, a 
operation effect can be expected like the focus ring 12 shown in drawing 1 also in 
this embodiment. 

[0020]The focus ring 12 shown in (b) of drawing 2 is constituted like what is shown in 
drawing 1 , except that the conductive member 12B disc-like [ without a columnar 
part ] is used. That is, two or more breakthroughs 12D which vacated and arranged 
the prescribed interval to the hoop direction are formed in the main part 12A of a 
focus ring. The cavity (not shown) corresponding to two or more breakthroughs 12D 
of the main part 12A of a focus ring is arranged and formed in the outer periphery 
part of a mounting base (not shown) in the hoop direction. And the disc-like 
conductive member 12B is inserted in in each cavity. Therefore, a operation effect 
can be expected like the focus ring 12 shown in drawing 1 also in this embodiment. 
f00211 Drawing 3 is a figure showing other embodiments of the plasma treatment 
apparatus of this invention. The number which changed the level of No. 10 into the 
level of No. 20 is given to the same portion or considerable portion as the plasma 
treatment apparatus shown in drawing 1 t and duplication explanation is omitted. As 
for the focus ring 22 used for this plasma treatment apparatus 20, the direction of the 
diameter direction inside is formed with the dielectric in which insulation becomes 
small from the diameter direction outside. For example, the focus ring 22 shown in 
drawing 3 is provided with the following. 

The main part 22A of a focus ring formed in ring shape with dielectrics, such as 
quartz, as shown in the figure. 

The conductive members 22B built in this main part 22A of a focus ring, such as 
silicon and alumina. 

This conductive member 22B is formed in ring shape, that inside diameter is larger 
than the inside diameter of the main part 22A of a focus ring, and that outer diameter 
is formed smaller than the outer diameter of the main part 22A of a focus ring. And 
the difference of the inside diameter of the conductive member 22B and the inside 
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diameter of the main part 22A of a focus ring is set up smaller than the difference of 
the outer diameter of the main part 22A of a focus ring, and the outer diameter of the 
conductive member 22B. This conductive member 22B is inserted in the slot of the 
ring shape formed in the rear face of the focus ring 22A. Therefore, as the 
conductive member 22B shows in the figure by this embodiment, it deflects to the 
direction of the diameter direction inside in the main part 22A of a focus ring, the 
function which eliminates plasma from the outside in the inside of the focus ring 22 
falls conventionally, the plasma focus into a wafer W side is restricted, and rather 
than before, the plasma density in a wafer W outer periphery part is markedly alike, 
and is falling so that clearly also from the density distribution shown with the curve B 
of the figure. In drawing 3 , 22C is a step into which the outer periphery part of the 
wafer W enters. 

[0022]Next, the case where plasma treatment is performed using the plasma 
treatment apparatus 20 using the above-mentioned focus ring 22 is explained. 
Where it supplied the gas for processing from the gas supplying section which is not 
illustrated and a predetermined degree of vacuum is held, For example, if 2-MHz 
high-frequency power is impressed to the lower electrode 21 A from the RF generator 
24 and 60-MHz high-frequency power is impressed to an upper electrode from the 
RF generator, Generating plasma between the lower electrode 21A and an upper 
electrode, plasma converges into a wafer W side via the focus ring 22, and equalizes 
the plasma within a wafer W side. Under the present circumstances, since insulation 
is small rather than the diameter direction outside in the diameter direction inside of 
the focus ring 22, plasma is prevented from convergence of the plasma to the wafer 
W being restricted and concentrating on the outer periphery part of the wafer W too 
much, as a result, since the plasma density above a wafer W outer periphery part 
can be markedly alike rather than before, and can become small, as the curve B of 
drawing 3 shows, and it can cross to an outer periphery part from the center of wafer 
W and plasma density can be equalized, The abnormal discharge in a wafer W outer 
periphery part can be prevented, and the homogeneity of a selection ratio or etching 
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can be raised. 

[0023](a) - (c) of drawing 4 is a figure showing the modification of the focus ring 22 
shown in drawing 3 , respectively. In (a) - (c) of drawing 4 , identical codes are given 
to the focus ring, the identical parts, or the considerable portion shown in drawing 3 . 
Focus ring 22 shown in (a) of drawing 4 It is formed like the focus ring 22 shown in 
drawing 3 except having established the tapered surface 22D in the upper surface of 
the main part 22A of a focus ring. From the diameter direction inside of the main part 
22A of a focus ring, towards the diameter direction outside, the increase inclination 
of the tapered surface 22D in this case is carried out, it is formed, the thickness of a 
dielectric is as thin as the inside of a diameter direction, and insulation is falling. By 
establishing such a tapered surface 22D, it becomes still smaller than the case 
where the insulation inside [ diameter direction ] the focus ring 22 shows drawing 3 , 
and the abnormal discharge at the time of plasma treatment can be prevented more 
certainly. 

[0024]ln the case of the focus ring 22 shown in (b) of drawing 4 , the main part 22A of 
a focus ring is formed like what is shown in drawing 3 , and the tapered surface 22E 
is formed in the upper surface of the conductive member 22B. From the diameter 
direction inside of the conductive member 22B, towards the diameter direction 
outside, the downward inclination of this tapered surface 22E is carried out, and it is 
formed. As a result, thickness can be thin, the insulation of a dielectric can fall and 
the same operation effect as what is shown in (a) of the figure can be expected as 
the inside of the diameter direction of the main part 22A of a focus ring. 
[0025]ln the case of the focus ring 22 shown in (c) of drawing 4 , the focus ring 22 
whole is formed with dielectrics, such as quartz. And as shown in the figure, 
thickness is thinly formed for the diameter direction inside of the focus ring 22 rather 
than the outside, insulation becomes small from other thick portions 22G, and the 
thick thin portion 22F can expect the operation effect according to each above- 
mentioned embodiment. Although not illustrated, as shown in (a) of drawing 4 , when 
a focus ring is formed only from a dielectric, the tapered surface which carries out an 
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increase inclination to the upper surface of a focus ring toward the diameter direction 
outside from the diameter direction inside may be established. The focus ring 22 
may combine again the conductive member 22B which has the tapered surface 22E 
as indicated to be the main part 22A of a focus ring which has the tapered surface 
22D as shown in (a) of drawing 4 to (b) of the figure. 

[0026]This invention is not restricted to each above-mentioned embodiment at all. 
For example, although silicon and alumina were mentioned as the example and each 
above-mentioned embodiment explained them as a conductive member, the 
conductive material which can be used within a chamber, for example, silicon 
carbide, carbon, etc. may be used. Although (a) of drawing 1 and drawing 2 and (b) 
explained what vacated the prescribed interval for the hoop direction of the main part 
of a focus ring, and carried out the multiple arrays of the pillar-shaped conductive 
member to it, This interval may be changed suitably if needed, or the conductive 
member of ring shape is provided in the main part of a focus ring, and that surface 
may be made to touch plasma. In (a) of drawing 3 and drawing 4 , and (b), although 
that by which the conductive member 22B was formed in ring shape was explained, 
a prescribed interval may be vacated for the hoop direction of the main part of a 
focus ring, and the multiple arrays of the shape of a circle or the pillar-shaped 
conductive member may be carried out to it. Although the parallel plate type etching 
processor was mentioned as the example and each above-mentioned embodiment 
explained it, This invention is applicable also to plasma treatment apparatus, such as 
membrane formation processing, using such a plasma production means not to 
mention the etching processor using plasma production means, such as a 
magnetron type, a RIE type, and an ECR type. 
[0027] 

[Effect of the lnvention]According to the invention of this invention according to claim 
1 to 9, it comes out to raise the homogeneity of etching and the selection ratio in the 
outer periphery part of processed objects, such as a wafer, and the focus ring and 
plasma treatment apparatus which can prevent the abnormal discharge in the portion 
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can be provided. 

[Brief Description of the Drawings] 

[Drawing 11 lt is a sectional view showing the important section of one embodiment in 
the plasma treatment apparatus of this invention using one embodiment of the focus 
ring of this invention typically. 

[Drawing 21 (a) - (c) is a sectional view showing other embodiments of the focus ring 
of this invention, respectively. 

[Drawing 31 lt is a sectional view showing the important section of other embodiments 
in the plasma treatment apparatus of this invention using the embodiment of further 
others of the focus ring of this invention typically. 

[Drawing 41 (a) And (b) is a sectional view showing the embodiment of further others 
of the focus ring of this invention. 

[Drawing 51 lt is a lineblock diagram showing typically an example of the plasma 
treatment apparatus using the conventional focus ring. 

[Drawing 61 With the sectional view expanding and showing the focus ring of the 
plasma treatment apparatus shown in drawing 5 . The explanatory view for explaining 
the state where (a) converges plasma into a wafer surface with a focus ring, and (b) 
are the explanatory views for explaining the plasma density distribution of the wafer 
outer periphery part at the time of converging plasma into a wafer surface. 
[Description of Notations] 
10, 20 plasma treatment apparatus 

11 and 21 Mounting base (lower electrode) 

12 and 22 Focus ring 

12A and 22A Main part of a focus ring 
12B and 22B Conductive member 
W Wafer (processed object) 
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tsja o ca^6njio±iEJQasfflrt-ea'i : .-r5«*.-r 

£ 75 Xv «r±£*«8ttfc li«?^57t-*X'Jy 

xy yxt Lxmxm i -sarins ®(,>-<rftfr i jjatcsE 

«(D 7 * - * X 'J > 7 £4i f 5 C i T 5 77 X 

[0001] 

[«*±<o#ijffl#sEi *«wtt, 7*-*xy>x^y 

T'^XvfflJ'P.KICiKIHb, it!tc,}¥b<tt. MJaJ'H^o 50 
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77Xv©f'fii|i«y4^J5!(«^P;jil:-r 5 c t tf-p 
-AX y y^Jfttf 7 , 5XvjBfl!»U'{tl!!|f §„ 
[0 0 0 2] 

w»«^*i!iEftffi3 a. 4 A^uTflJiu-rsgi 1 . m 

2(DMl,^?m3. 4t^(flx., 35 K 3l2 0,fi^)lJiW 

$.3, 4 t^^n^nnmnms.)^ t tonnm® 1 > 

2 fcflJJiu L T 77 Xv£5g't2-ti\ {?Ux. *SjaFH*T*fe 

ihit Mifi' ^ ft/c 7 x/ n W^: Wis 7 * - A X y 7 ^ 5 irfa 
iS^tU Sfc, |-.(W'ittW2c0j1.^!Mi?CfCti-7-^Ky> 
l-.bW**!, 2|!S]T?51 / KU/c77X 
v?: 7 xm WviMi£ -fi, 7 im Wifiirt X'O ) 75 Xvffi 

[0 0 0 3] tC/jT', |-Jt!7*-*Xy 77* 5 «\ 
6 (a) , (b) t,jcrJ:-5t, l:ifiirtl,'i]^tcf±7xM 
W^-S'tt ?>Pi l i?|5 5 A m$l$.-£ft, C ©gJiW 5 A (C FSIi'S 
figl A h»7x^W«H/S]*i^* ,: A0iAA,-r'i/^o CCD 

l&Ztl, \<m<?> (a) {cARJAT-,jr<rj;^(C7*-*X 
y y 7" 5 ^ )> L T 77 X v if 7 x / s W iFd {C 16*1" S 0 
[0 0 0 4] 

x -y ^ y ^jaf'l^r^ r -5 41 ft , fJ^^Ofii^i** 1 * 
7 * - A X 'J y 7' 5 i f j l > T 7 5 X V £ 7 x / \ W [fij F*9 
tm^^-SSfc, HBtf) (a) icXE[JATvK-r<t9iC7 

x/swt7*-Axyyy5 «J^W?^«{C 77 Xv 
4'LT7x^W|fdrt<Oii! -tt^/jTm, C«?fl««77X 
TffiiffjyiiiJMo (b) <of 9 X^WimMiWAmic rtft 

46, 77 XvWSi < S 5 7 x/ n w wH/^iHlfiST-ttS 
fitttvtitfft'fc L/ct>, x -y f - y 7<?)lij -ttfes ^tiiJIiR 

[0 0 0 5] *«TOH\ |-JdKH*jWtt-rS/"ci6KftS 

immwhttz c ttfT-z §7*-^xy ytnkxsc 

©7*-*X»J >7^iO^/i77Xv5niI^e^m t i-r 
[0 0 0 6] 

[»H%f»i*-r5fe«)OT-ga >*:Kiy}Og(|*J!il 
07*-AX'J >7(i, k-e«ffla(**Htrt4« 
(c KHS ti, l:id«ffla(*fc:« L T 75 Xvjfflil*j«-r 
pgtc 77 Xv^r l;3d«M»t-mi« ^^§7*-Axy 
>7(C*3V >T\ h«d7 * - A X 'J 77*ti, a^'3i*t <t o 

t y 77"«t/fM^n/c 7 * x y y?A<\*t. c « 



3 

7 * - * x v y y^fooi vkfs i"3 \H fly wyj (rift c^ty 

5 4: «T 4 ± -5 lc KIN S ft fc WvHtt .W t%4m 

[0007] $ft, -*5§woia*flri 2 ^311*807*-* 

tt^ttJ:&27*-*xy y^ 
*!SWTIE?iJ2ftTl^5Cfc«:!RFiai:-r5tOT*«5o 
[0 0 0 8] i ft , W©!8*Efi 3 £ 7t-^J 

ft»wn u y y« t jgric shT^sct i: -r a t i o 

[0 0 0 9] $ft, ^5giyj^,]^Ml4^|!dlE^7t-^ 

ft, kis*tta»twLT7 r ^xv«ia*j»-riB«cyv 

X^*±,fa««affl(*KlJi*S-a:5 7*-*XUy4 r fc*3 

l^T, ±E7 U V ^ttfS>b'|nJrtfifltO/;*^t/j|nJ 

ttffl«k D*6»tttf'h3 < asttfltWc £oTJfM2ftT 

[0 0 1 0] Sft, *5EWc0sSjRJ!fl5tc3Ll«^7*-* 
XV v$TU\ KMi*J:T*ffla(**|fflOttlHlc(KiJif3 20 
ft, ±,E«^«{ttcflL^ 

t^T, lJd7*-*XUy^i, 3S«t*tCcfcoTU>y 
I#cfl5]*£ftft7*-#xi) ytf^foh, c<r>y-x—h 
XU >^^rt^M?./JI^^#JJ^Vjlcfy^^^T^M]^^ 
ot&Ht^ ft ft <» 'lit ffitt ^fl-r £«f« 4 

[ooi i] *awo)M*fli6fc:aG«o7*-* 

X U y Ifrjiig 4 * ftti^RJK 5 fcfd«<D5S«fc*3 

coo i 2] i: ft, *m]omm\7 icimoi7 *-±> 

X'J y^tt, ll*«5Sfttt^Riji6C3l]«o%W{i:43 
1>T, h/id^vlIftW^ 

[0013] sft, *5W}onmm8icMm0)7*-£i 
x »j y^a, .ffl^vj i ~;\n&m 3 , ,1,1^1 sfozftiimi 

7 o^-fft^ 1 xfttcad*©56#Jt*5i/^T, hadW*1tffl5 
W y U 3 y , 7 ;!/ 5 -f £ C t £ftf« fc "f a t 

40 

[0014] 3cft, *5?Woai*JJ19{C5digC)7 p vXv 
fflfflg ■ tt , fflaSS £ S t > tc fidri * ft I Si* 

*««-r 5 mm t , c tmmwwwm 

U y^i: LTafcRifj l H Qtvf ftfr 1 tfltcifdOc 

07*-*XU> ^*>f f r § C fc t T § fe Of l & 

[00 1 5 ] 50 
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KJA^^T>*:58lJJ*,MUIJ-r5o ^5S/B^^7 p ^XvSLL 
98itt7*-*x«J y$WfctH 5 lOjVf T^X^Jfi 

ffitf^ii^ 7 t-/jx y y y * 'i^wc .sjiuj-r 3 D 

[0 0 16] ^J»Jg«©yvXvftfi««] 0(4, M 
Ifc/j^-ri^t, SPg&gg rtlcMKSftJH 

/i^fidfS^ftftWJtl^X^t^^^^a hAPBW 

E\ 3*ftLT«/tfi£it«] 4 *W8*flS ftTl^S i: 
tc, ±«5*«tct FiW8«i l A i 4fc« 

■S-f) *^LT«*cffftT^5o £fts h"»T«*l 1 A 
^) VM^iffrXtf-^v'? 1 5AWi«*ft, cwaWi^-v 
7^1 5ttiffi/i-:ifii5l5t'Ba?;i 6*^ift«i'l/hT^X/NW* 

coi'r^iji^^f^nftmre iw^iiwc^ti^n^rt 

XMWtWLTx*y^y^07 p 7Xv«ia*j!lS'ro 
[oo l 7] ifiiLT, &M}foBt&v>y*--'hMyy\ 

T , Jy^(cjB/Jc?tift7*-AXUyy*(*i 2 A 
fc , C07*— *XUy 1 2 A |n] rtffl^/j 
fif^S ?-li:T7 P 7Xvi:fgt§ c l; -5 fidit S ft ft y 'J a 
y, Z^St^'fittffitt 1 2 B fc^i LT^So 7 

*-*xy y^'W i 2 Aortw«3iHcttasis i 2Ctf 
/BfiSsti, ^- ^ [Aj ^ >^^?^ ^ ti j^j yyj^j t - ;^)i£na pm^^: 

ttTffiiWLfcltyML] 2D»Ktin^ c Sft, » 

mmm 1 2 b« KM^7vyy^ 1 2 e 

mrfe^w 1 2 B^7^yy^i5 1 2 EAMftft-rspiffiffi 1 

1 1 BcoaS^tt, |M]H*C>j*s-r«t-5fC7'5y> ? ,1|5 1 2 HO 
[f^^fY^-ti-TIfM^ftTl^o Sft, 1 B^: 

iSi/^o 7t-/jX'J>^i 2A^)^iWLi 2 Die 

W 1 2 B*^9Xv«r^rj|-f 57>7.^tLTfet89J* 
illftLTl/^So Sot, ^7Xv«U'BB*(ctt, 7^*-/j 

Xv^^LTV^fti6, y^Xv^mrtiW 1 2 B h 

^^jPfi-rscfcA^^So ^rrrfttf, 7*- *xu 

y^i 2(±^i*i: LT^x/NWfcJfeSiS^Si^tcttflg 
■T5*^ r >x/NWM]^f1HcastcJft*^ftft7 p vXV* 
WMtt^Wl 2 Bflf*»d'3ISi&Crft«), co»jVj7 p v 

x^m&mm](D\\m b * 9 icm^ 1% < a §0 
c o$s>r s ^ x/\W'ji jfcflBfr b mrmrn^ iJiot/7 x 



(4) 

5 

[0 0 1 8] J:,[l]7^-^XU>^1 2£J|]l^fc 

x^xv^a^it i o^m^x-f^x^mmr^m^ 

g|S%4£ 1 1 k\C%V>mMW?m 1 4*^2MHz <Oi%)& 

mi)-} *EP*p-r 5 £: ic . kSPUffi »c * ffiJBSfiffilSsfr e» 
6 0MHz 0"«jaS«^*E|]J!ll]-r5 fcx F^HtiS 1 1 A 
t.hJMifcOBt^X^liL, 7^Xva7* 
~*xu>^i z^Lr^xMWffirtcniiiL, ^x 10 

'Jy^l 2tt7*-*X'J>y*ftl 2 A£D^7jl"-]rtffl 

2.l:/jW^vXv%VJ'.titt,1PW 1 2 BT*'j|*&A,T*C£> 
ffitfoy^X^ffiKtfM 1 <Dlft«lB Tvjl-Tcfc -5 iCSSfHL 
T m < ft o T ^ x; \WM5 7°^ XVOftj^^Mffi L , r > 
x/NW^^MJ^^iHcy^Xv^m^t-^ c fc«rKih-r 

MKK. k/ifc fctt S 75 X vffiffi***© \H %<o y=y X^% 20 
itffc5&ifgfc>5E:l^fc«>, # x / n w ^ j y if,'i i ft i X is U n y 

#8 th l t ^ t t , ccym\\\nv;H^h(D%i\m^*y 
J3 It 5 SUMS* R ii-.-r § C t S £ o 

[0 0 19] ire, VHZ(0 (a) , (b) a^ft^ftl*] 
£ 0 |ia]|s9« (a) (C/j;t7t'-^X ) Jy^l 2B7^y 

i/^oM^m&mnmm i 2 Bava^stovsw 

TBdWLft*»(OajiJLl 2DA<#j«*ftT^5o ft 

r, ^s^L 1 2Drtice«<D»ittaii« 1 2 b#«» 

l 2 fcliiJtttft'JIJjttUlSJW-rsci:*^**,, 

[0 0 2 0] Sft, E3 2 0) (b) £*Vf7*— *XU y 

9\ zimmwMh^mKvmmvtmu 2Btf«i^ 

§0 KP^> 7*-AX'jyi?*ftl 2 Atca^/jf^C/fr 
-*X'jy^*f*l 2A«(OHILl 2DtC*frt,;f 

(c >jvr 7*-*x'J^i2k rattle ftffl$»**JHf £ 
[0 0 2 l] H3tt*58»J^y5Xv^l!SSii v tW 50 
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JBi»B»i«fcliiJ---w;«»*fcttlll^/Sl5»ti:a l otff?£2 
oX^Xvjaj^[g2 otJHt^nft7*-*xu yy 

t7t^xuy^2 2 a, [fi]g]tc>j<-rj:9ic, 

©SS*{*fi: ct o T U > y«cfc MSn/: 7 * - A X »J > 
y*(*2 2A£, L<?)7^-^X'Jy^*W;2 2Alcrt 
i?nf:>"j3X 7d/5*«©WtttW*t2 2B^^ 
M L T I ^ 0 C tOWtBtt. SliW 2 2 b a tfy * a U > ^^(C 
>B/fiSft, W]W7*-AX'Jy^*«;2 2 A«rt 

SJ:0t>>:*<, fW!W7t-/jXUvW2 2 
AO^ff.ct0t'hS<«fiRfftlTt^5o *LT, «*tt 
,W2 2 B<Ortf$fc7*-*xyyy>M*2 2A« 
t £D^: a , 7*-AXU>^<*2 2A OMt fc ^V{ftt: 
SIW2 2 BOW*fc©/¥:«fc5'hS<3a/l£StlTl/^5 0 C 
^W.litfeiW 2 2Btt7*-*X«Jyy2 2A O^ifijtJl 

**jSKB«T*BW«tt»tf2 2 B^|nJMtc;j'x-rJ:9ti:7 

t-ijx'j >»2 2 a rt^a/jinjrtiiiij oyjfcfti^ 

L , 7*-*XU>y220) rt«(0/f /j^ffi «t^7X 

o7 p 5Xvnt*tf »jffi*n, b T*/h-rafK» 

fifr t> t Oil 6 ct 9 ^ \ W Ji/saWT*© 7 P, 5 Xv 
I, 2 2 ca^x/\w^/4l»ffl53b^AOiitr©iWT** 
[0 0 2 2] kid7* — *jXV>?2 ZWW^Tz 

y^x^^mmz osfflt^T^XTffljitff 

^H$z 2 l A fC*(DiS/fllfttttig 24M2MH/ ^ifS^J 
^vli/j ^ ^J/j[]^r ^ i: A _ I: rtf^vU^K tc ^ ^ r ^ i. f 0 ?^ vr^;i7b^ ^ 
6 0MHz oy^MWW^iVmt^t , RSI$1$ 2 1 A 
£ kSPtttt^OWT'^XvSR^L, ^7Xvtt7* 
-*XU >^2 2*^LT^x/NWifiirttcJlijgL, 

y 2 2 o!szfi/i]rt«^>j6Wf^mffl«t o 

^*jK?nT^x/Nwo^/a«ffi^7 p vXvA^ia/4^* 
^■rsc^siKjh-rso cois*, M3<oiBittBT^-r 

i^tc^x/NW^WJiSJ^tJs^sy^XTffi^tie 

» o t 7^^^ xv'#?/i*fcj- -Mt-r act *>t zztzth, 

[0 0 2 3] Sft, (a) - (c) a^tl^tlKI 

3 \Z,i\t7 A- - A X U > y 2 2 ^S?JBMS/^-rMT'* 



(5) 

7 

5c rnu 0 (a) ~ (c) Z'&M 3 £>]Vr7*-# 

T&£o (a) tC/j 1 s-r7*-*X'J>'^2 2 li 

7*-*XU y*f-kfo2 2 AOj;[fii(C-r-/^ifi2 2 D£r 
,SW/cWntiK3t;jx-r7*-^XU>-^2 2fc|.iMIC 
JfM^tlTV^o C©Jg^<Df— ^lfi]'2 2DI±7*-* 
X'J >^'^i+2 2 A«^//|NjrtW* l ?>t¥7jl«]n{PJj(C[p]tt 
T.J-J?ffi« : l LTffM^fU t$/j|n]c0rt«5 ^sfmcoi*] 

2 2 D%?m%C tti0 7*-AX';7^2 2©iW 10 

[0 0 2 4] l*]4cO (b) t^T7*-*X'Jy 

?"2 2co4,]fMcli, 7*-*X'J>^M2 2 Ali$3 
iC^kvOfclnWcjg/^tU i9'^'tt)W2 2 B CD liifi] 
tC-f- /^iS2 2 E^ifMcftlTl/^o COx-^jfi]2 2 
E B*Mtfe.W 2 2 B«S/j|Rlrt«l^6ft/jl&m«ifc|f'J 
ft T m *fl$4 U T Jg/j!c£ tlT V ^ o C 7 * - * X 
«J > 2 2 A 0^/j"ln]OrtfJjli £: ftWtf S < . ^Tt 20 

*fl«fti 5 fi>x, \>m<r> (a) C/fx-r ttotiiijtsco 

[0 0 2 5] glC. 11460 (c) f;,j;t7t-AX'J > 
^2 2<Dif£lCli:, 7*-AX'jy^*2 2l>{^Hi'>J- f ? 

&viz7*-fjxv>72 z n'&J] io]rtffliJA^©J1.fflJ J: 
9 t |A]/P#F# < JfM^n, tfj/P «Mu^SPr5> 2 2 F 

2 2 g ot ►> a&mm'^z < a •? , tE»'*MWB 

T&^tf, 1*14 0 (a) (C/jx-r<t-5(C7*-AXU>^' 30 
W>/fiC«Zi|filrt«JA^S*l^ffllK:i&]A^T.J:#«iSJ 

7?' 2 2(2, 1*1 4 CO (a) fc^f J; 5 fcx- ^ifii 2 2 D 
5:fit§7*-AX'Jyy4:(*2 2 At, [h)1|C0 (b) 
t/S-rJ:9*7 L -/^ifii2 2 E*-ft-r«»SttJ?Ptt2 2 B 

[0026] mm&.m&'MffiBmicwmftmz 
# , ^ -v y> Tttffl t z % mnmm, m * if *{t 

ft*. KjRUftfllWTtfil^ Sfc, lb 0 2© 
(a) s (b) TttfittOHWItaWS^^-AXyy 
J8 /i Ifij ic HrJ£IHII«*?}!tf THREW Lfc&coic 
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fc 9 , 'J y ?tt©Wttfc»«*7 * - * X >J 7 

Sfc, EM3, U 4 co (a) , (b) ICfc^T, WQttffi 
M2 2 BA>Uy^lc]fM^nfctcoicov>T?JiWL/c 

Ofil*I^K:»?fSiailH*?S^Ta!ttlkJMLT fe 151/ \ S 

%mi,cmfTmmi.rzb\ v^fo^ r i e#, 

E C R^co7^Xv^^T-& l ^:)li^rcX-y^>^SLlfH! 

/ij-rscfca'Tsrs. 

[0 0 2 7] 

HJJIC «t n tf , 7i^*!f<!) KjOPeittO^MMiVtc felt 5 x 

im i ] *?Eiyico7*-£xu yfo^ -%m^wt\\\^ 

Wt/i'x'rWriH^TSSo 

[[sc]2] (a) ~ (c) li?-n ; Pn*5SIWc07*-AX 

u y?coimmmBMzyn?wiifnm-Z'& % „ 

[K4] (a) SO* (b) l±«Snjjc07*-AXU>^ 
co jlilc moyMm&Pl%yj'<.t !8rifa [S3 T £ £ „ 
[12 5] «07*-AX'J y?'£iij^fc7-5Xv5/if'l 

[H6] i*]5ic/rs-r75Xv«ai'i^iico7*-*x'j > 

^StfcUT^flKlfliHT', (a) ii7*-*xuy^" 
T'7*7 X v % 7 x/Nffi rt 'n* *-r § «IB* W 5 /c ft 
(DlStWm, (b) li7xM|fd|A]'\7vXv/&mjiftL/c^ 
l^co 7 x/ \m r iMffl(0 7^ Xvm^ y 7>/|.^,!ttB)Jf § Tztb 

10.20 -/=>x-?mmn 

11.21 SciSfJ CF!S1t«) 
12,2 2 7*-AXU 

12 A, 22 A 7*-AX';>^W 
1 2 B , 2 2 B ^'S'tti^W 
W 7x/n («ft«H*) 



(6) 
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